Introduction. Bisphosphonates and denosumab are widely used drugs in patients with bone-consuming diseases, such as osteoporosis, Paget's disease, hypercalcaemia of malignancy, bone metastases or multiple myeloma. The most important side-effect from the dental point of view is osteonecrosis of the jaw or jaw (medication-related osteonecrosis of the jaw -MRONJ). Risk factors are bone injuries, e.g. tooth extraction and other oral surgical procedures, as well as the use of mismatched restorations, bone exostoses, odontogenic inflammation, poor oral hygiene and coexisting general diseases. Treatment of MRONJ is difficult and long-lasting; therefore, special attention should be paid to the prevention of this disease. Materials and method. The study included 49 patients -29 women and 20 men. The age range was 54-77, mean age -64. It was planned to begin bisphosphonate therapy in one patient, another was to start with denosumab therapy. The other 47 patients received BPs or denosumab. 40 of these patients received IV Bisphosphonates, 8 received oral BPs and one received denosumab. Results. During the observation period, which varied from 1-2 years, depending on the patient's first visit, no signs of MRONJ were observed in the treated areas. There was complete mucosal healing and patients reported no pain. Conclusions. Treatment of MRONJ is difficult and long-lasting; therefore, special attention should be paid to the prevention of this disease.
INTRODUCTION
Medication-related osteonecrosis of the jaw (MRONJ) is a severe adverse drug reaction, consisting of progressive bone destruction in the maxillofacial region of patients. It is becoming more common in dental patients, presenting a growing clinical problem. For patients with malignant disease taking bisphosphonates and denosumab, the incidence of medication-related osteonecrosis of the jaw (MRONJ) is up to 15% in contrast to 0.01% in patients with osteoporosis [1, 2] .
In 2014, the American Association of Oral and Maxillofacial Surgeons (AAOMSs) suggested changing the nomenclature from bisphosphonate-related osteonecrosis of the jaw (BRONJ) to MRONJ to accommodate the growing number of osteonecrosis cases involving the maxilla and mandible associated with other antiresorptive (denosumab) and antiangiogenic therapies [2] .
Bisphosphonates (BPs) are widely used in the field of oncology, endocrinology and orthopedics. Oral BPs are used for osteoporosis and osteogenesis imperfecta [3, 4, 5, 6, 7, 8] . Intravenous (IV) BPs treat cancer-related conditions, including hypercalcaemia of malignancy, lytic lesions in multiple myeloma, and the effects of bone metastasis in the context of solid tumours, such as breast cancer, prostate cancer, and lung cancer. In metastatic disease of the bone, BPs prevent skeletal complications, reduce bone pain, reduce the necessity for radiotherapy or surgical treatment of the lesions, and improve the quality of life [1, 5, 6, 7, 8] .
BPs are non-metabolized pyrophosphate analogues that are capable of localizing in bone and inhibiting osteoclast function [3, 6, 7, 8] . These drugs act at the site of active bone remodeling by binding to hydroxyapatite, and inhibiting osteoclast development and migratory activity. Inhibiting osteoclast function leads to cell death, which decreases bone resorption without affecting bone mineralization [3, 4, 8] . These non-metabolized analogues are maintained at high concentrations in bone resorption lacunae for an extended period, allowing long-term inhibition of osteoclastic function. In addition, BPs can inhibit bone resorption and decrease bone turnover at the tissue level, as assessed by biochemical markers. In addition, bisphosphonates reduce angiogenesis by inhibition of VEGF [3, 9] . BPs have also direct anti-tumoural effects, including induction of tumour cell apoptosis, inhibition of tumour cell adhesion and invasion, which reduces formation of metastases [3] .
Adverse effects associated with the use of BP include pyraexia, gastrointestinal symptoms, hypocalcaemia, and renal dysfunction [3, 4, 5, 8] . Bisphosphonate-related osteonecrosis of the jaws was first described in 2003 as a new complication associated with nitrogen-containing BP use [1, 4, 5, 6, 7] . BRONJ is diagnosed when BP administration is followed by bone exposure that does not heal within eight weeks of identification, and when patients have no history of local radiation therapy [4, 5, 6, 7, 8, 10, 11] .
Denosumab is a RANK ligand inhibitor. It is an antiresorptive medication that inhibits osteoclast function, decreases bone resorption, and increases bone density. It is used in patients affected by osteoporosis or metastatic bone diseases [2] .
The reason for medication-related osteonecrosis of the jaws seems to be impaired bone turnover, and therefore prolonged healing of the bone due to inhibition of osteoclasts. Bisphosphonates also have a toxic affect on oral epithelium, as well as an anti-vascular effect. Consequently, local microdamage from normal mechanical loading or injury cannot be repaired which, in turn, can result in bone necrosis [4, 5, 7] . Exposed bone can be easily infected by oral biofilm, especially species of Actinomyces, Fusobacterium, Bacillus, Staphylococcus, Streptococcus viridans, Selenomonas, Neisseria, Prevotella melanogenica, as well as Candida sp. [4, 5] .
Medication-related osteonecrosis of the jaws affects more often the mandible than the maxilla [4, 7, 12] . The risk of developing MRONJ increases after a tooth extraction or other dento-alveolar surgery, also due to the use of ill-fitting prosthetic appliances, existence of bone exostoses, oral infection, poor oral hygiene, coexisting diabetes mellitus, chemotherapy, steroid therapy, malnutrition and tobacco use [3, 4, 5, 6, 13] . Tooth extraction was the reason for bisphosphonate-related osteonecrosis in 34-86% of cases [6, 13, 14] . The route of administration is also importantthe estimated incidence of BRONJ for patients taking IV bisphosphonates ranges from 0.8-12%, whereas for oral bisphosphonates it ranges from 0.01-0.04% [4, 5, 6, 10] . Most patients with BRONJ were treated with intravenous BPs, such as zolendronic acid, disodium pamidronate and sodium alendronate [4, 5, 6, 10, 11] . Duration of bisphosphonate exposure is positively correlated to developing BRONJ, mean time -1.5-5 years [11, 13] .
MATERIALS AND METHOD
The study included 49 patients -29 women and 20 men. Age range was 54-77, mean age -64. One patient was planned to start bisphosphonate therapy, one other was to start denosumab therapy. The other 47 patients received BPs or denosumab before. 40 of these patients received IV Bisphosphonates, 8 received oral BPs and one received denosumab (Tab. 1).
Patients before BPs and denosumab treatment. Of the 49 referred from the oncologists for oral assessment and dental treatment before treatment with BPs or denosumab, only 2 patients (1 male, 1 female) were referred for treatment.
The patients had scaling and root planning, and were instructed to maintain optimal oral hygiene. Extractions of necrotic roots and teeth with severe periodontitis were performed at this time. Conservative endodontic and prosthodontic treatment of teeth with good prognosis was completed. In both cases, the beginning of antiangiogenic or antiresorptive treatment was postponed as far as oral status was stable and until the surgical site has mucosalized (2-3 weeks). Chlorhexidine oral rinses were used to facilitate healing.
Inadequate dentures were modified to decrease the oral tissue pressure and to prevent sore spots. Patients were educated to report any inflammation or bone exposure. The patients were included in a periodic clinical-radiological follow-up every 3 months.
Patients receiving IV bisphosphonates, oral bispho sphona tes and denosumab. 47 patients receiving bisphosphonates or denosumab, were referred for the extractions of teeth and who In 40 patients, simple tooth extractions were performed (in 18 patients single, in 22 multiple extractions), 7 were single surgical extractions. In 3 cases, immediate closure of an oro-antral communication was performed.
All patients had scaling and root planning, and were instructed to maintain optimal oral hygiene. The patients started antibiotic prophylaxis with clindamycin one day before surgery and continued for the next 6 days. Extractions were as atraumatic as possible. Afterwards, doxycycline was used until the sutures are removed. Each surgical site was sutured, and the sutures were kept in place until soft tissues healed completely (after 2-4 weeks). The patients also used chlorhexidine mouth rinses and dental adhesive paste on the site for 3-4 weeks. Dental adhesive paste contains topical anaesthetic, policanol, and the active substance, solcoseryl, a protein free standardized dialysate of culf blood. Its wound healing effect is based on activation of the intracellular metabolism and increased oxygen utilization. According to various clinical studies in the treatment of aphthae, denture pressure points and extraction wounds, the preparation accelerates the healing process by 30-50% [15] .
All dentures were examined and properly fitted.
RESULTS
The study included 49 patients, 29 women and 20 men, age range -54-77; the means age -64. One patients were planned to start bisphosphonate therapy, one was to start denosumab therapy. Other 47 patients received Bps or denosumab before. 40 of these patients received IV Bisphosphonates, 6 received oral BPs and one received denosumab. During the observation period, which varied from 1-2 years depending on the patient's first visit, no signs of MRONJ were observed in the treated areas. There was complete mucosal healing and patients reported no pain.
DISCUSSION
When bisphosphonates or denosumab are recommended it is important that the prescribing physician informs patients of the risks and benefits of the drug chosen. This must include information on the risk of MRONJ and advice to attend a dental professional for a full oral assessment [4, 10, 11] . Prior to the beginning of an IV medical treatment, the patient should always be carefully evaluated by a dentist [2, 11, 12] . The patient should be dentally fit before commencing bisphosphonate treatment [4, 11, 12, 13] . If dental problems are identified, every effort should be made to have them treated before beginning bisphosphonate treatment [11, 12, 16] .
Before BPs or denosumab treatment, each patient requires oral cleansing [11, 13] . The main goals are to remove any oral infection, pathology, or risk factors in order to obtain a stable oral health situation, preventing the necessity for invasive dental procedures in the near or intermediate future [2, 11, 12, 16] Dental hard and soft tissues should be examined for disease. Teeth currently in an acceptable condition but unlikely to be retained in the long-term need careful consideration after reflecting on the patient's dental and general health. As future exodontia is a risk factor for MRONJ, it may be sensible to consider such treatment now, particularly where long-term bisphosphonate treatment is likely [2, 11, 17] . Extraction of necrotic roots and partially impacted teeth should be performed at this time. Impacted teeth completely covered by bone without any communication with the oral cavity should be left undisturbed [2, 13, 17] . Conservative endodontic and prosthodontic therapies of teeth with good prognosis should be completed. Periodontal stabilization splints for teeth with Grades 1-2 mobility in patients with good oral hygiene and extraction in patients with poor oral hygiene are necessary [2, 13] . If allowed by general health conditions, the beginning of antiangiogenic or anti-resorptive treatment should be deferred as far as oral status is stable or, at least, until the surgical site of extractions or other oral surgical procedures has mucosalized (2-3 weeks) [2, 8, 11, 13, 17] .
If a medical condition makes delay difficult or inadvisable, the most invasive procedures should be performed first, as the risk of MRONJ is associated with long-term use rather than single dosage [4, 5, 17] .
It is important to review existing dental prostheses and carefully design any that are planned, as mucosal breakdown associated with prostheses is the second most commonly identified risk factor in the development of BRONJ lesions [4, 17] . Inadequate dentures should be modified, rebased, or replaced to decrease the oral tissue pressure and to prevent sore spots, especially along the lingual flange region or at the mandibular tori [17] .
Patients should achieve a proper oral hygiene and be educated to report any grief, inflammation, or bone exposure. Patients should be included in a periodic clinical-radiological follow-up, the frequency of which is based on the medical administration, the number of risk factors, and oral health status [4, 5, 11, 13, 18] .
During bisphosphonates treatment it is generally recommended that high-risk procedures should be avoided, and there should be a reliance on restorative treatment, including root canal treatment and non-invasive periodontal surgery. In teeth that cannot be restored, removal of the crown and endodontic treatment of the remaining roots should be considered [11, 13, 17] . Teeth with mobility Grades 1-2 should be splinted rather than removed, and removed only in the absence of dental/periodontal lesions; extraction of teeth with mobility Grade 3 and/or endodontal-periodontal lesion. This should be completed with minimum bone injury and antibiotic treatment provided.
In the current study, preparation for oral surgical treatment, which is antibiotic prophylaxis, local antibacterial mouth rinses, suturing the wounds for a prolonged period and proper oral hygiene provided proper healing in patients taking bisphosphonates or denosumab. It is therefore suggested that atraumatic extraction, following treatment and check-ups are necessary.
An antibiotic prophylaxis for surgery procedures is necessary: Penicillin remains the first choice, in the case of penicillin allergy, clindamycin or a combination of quinolones-metronidazole or erythromycin-metronidazole is a valuable alternative. The authors of the current study usually use clindamycin as first choice, due to its wider antibacterial spectrum. After 6 days clindamycin, doxycycline was used until removal of the sutures. Doxycycline was chosen after surgery as it is well tolerated for prolonged antibiotic therapy [18] .
Inadequate dentures should be modified, rebased, or replaced and in case of fixed prosthodontics, the biological width should be respected [11, 13, 17] .
Elective surgery and dental implants placement in patients receiving IV BPs should be avoided [16] .
It is essential that a detailed oral evaluation with regular check-ups every 4-6 months for exposed bone and;early stage' MRONJ diagnosis. An orthopantomography every 6-12 months for radiographic evidence of osteosclerosis or osteolysis, widened periodontal ligament spaces, or furcation involvements, should be performed [11, 13, 17] . Good oral hygiene is essential to prevent dental infections that may require dentoalveolar surgery [4, 5, 11, 13, 19, 20] .
Several authors have suggested a 'drug holiday' before teeth extractions or other invasive procedures. However, there is no unanimous consensus on this treatment and not enough data to support the cessation of medical treatment. If allowed by patient conditions, the oncologist should consider stopping the therapy until the healing of soft tissue occurs. As part of a preventive approach, a distinction needs to be made between IV and oral therapy in patients under medical treatment or about to initiate it [11] . However, the need for continuous dosing depends largely on the indication for the drug. While such treatment may be necessary for malignant disease, including bone metastasis, there is no evidence to suggest that a brief drug-free period would be a problem for some malignant conditions, such as hypercalcaemia and benign disease where indication for the drug is generally associated with reducing long-term risk. Any decision on drug holidays must be made in careful consultation with the prescribing physician because of the risk of adverse events if treatment is stopped [11] . The authors of the current study do not suggest a 'drug holiday' because of the extremely slow metabolism of bisphosphonates and their persistence in bones.
CONCLUSIONS
It seems that infection is closely related to MRONJ etiopathogenesis. In patients taking bisphosphonates, the site of tooth extraction favours infection because of a less inflammatory response and vascularisation of the tissues, increased bacterial adhesion to bisphosphonate-coated bone, and persistence of exposed bone to oral cavity consequent to inhibition of both bone resorption and epithelial covering [17] .
Antibiotic prophylaxis together with surgical wound closure, local antiseptics and dental adhesive paste seem to be a good method for prevention of medication-related necrosis of the jaws.
Good post-operative results can be achieved by the complete mucosal sealing of the alveolar socket within the surgical extraction that prevents the bacterial contamination of the jaw [17] .
Although tooth decay lesions are not directly associated with the development of MRONJ, patients must be educated regarding oral health and made aware of the consequences when caries progresses and becomes a trigger for MRONJ [20] .
It is crucial to emphasize the importance of prevention of MRONJ. Indeed, elimination of all infective foci and trauma before treatment is started can almost entirely eliminate the risk of MRONJ [11] .
Opportunities should be made for the users of bisphosphonates to be informed about the risks of taking these drugs. These include: revision of package inserts and drug leaflets, creation of information brochures, motivation of patients as well as doctors to improve the quality of consultations about their treatment, and perhaps even the introduction of a 'bisphosphonate passport'. Patients need to be included into a tightly integrated network of specialists in order to ensure an optimal level of information and successful therapy [12] .
The treatment of MRONJ is generally difficult, and an optimal therapy strategy has still to be established. For this reason, prevention is even more important. Dental screening and adequate treatment are fundamental to reduce the risk of MRONJ in patients under anti-resorptive or antiangiogenic therapy, or before initiating the administration. [2, 7, 11, 12] .
